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FAILURE OF LATHYRISM TO AFFECT THE SOLUBILITY
PROPERTIES OF KERATINS FROM THE SCALES AND
BEAKS OF EMBRYONIC CHICKENS*
HOWARD P. BADEN, M.D. AND MELVIN J. GLIMCHER, M.D.
ABSTRACT
Solubility characteristics of beak and scale keratiri in chicks made lathyritic with
f-amino-proprionitrile was found to be identical to control animals. It is concluded
that lathyrism has no effect on the normal crosslinkages of feather-type keratins.
The induction of lathyrism in animals de-
creases the mechanical strength of connective
tissues and leads, among other things, to skel-
etal deformities and the development of aortic
aneurysms. Collagens, including the normally
insoluble collagens of bone and cartilage (1, 2,
3), as well as the normally insoluble fibrous pro-
tein, elastin (4), are also more easily extractable
from the tissues of lathyritic animals.
To date the only detectable difference ob-
served in the acid-extractable lathyritic col-
lagens and in the soluble elastin is the relative
absence of covalent crosslinkages (4, 5),
which appears to be ui part, at least, directly
related to a deficiency in the formation of
certain functional groups such as aldehydes
(6—10). The keratins, a group of fibrous pro-
teins of epidermal origin, are also highly cross-
linked, and almost completely insoluble except
in solvents which denature the protein. An im-
portant crosslinkage which contributes to the
relative insolubility of most keratins is the
disulfide bond (11) which is dicidedly different
from the crosslinkages present in collagen or
elastin and unquestionably formed via entirely
different biosynthetic pathways. Recent evi-
dence indicates that much of the epidermal
fibrous proteins solubilized by reduction of
disulfide bonds is in a highly aggregated
state, which suggests that other erosslinkages
may play a significant role in the physical prop-
erties of these molecules (12). Since little is
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known about the nature of these crosslinkages
in keratins, these experiments were undertaken
to determine if lathyrism has any effect on
their solubility properties.
METHODS AND MATERIALS
Groups of 300 fertilized White Leghorn eggs,
incubated at 38° C for 13 days, were injected
with 5 mg of fl-amino-proprionitrile furnarate
(BAPN) in 02 ml of sterile physiological saline
onto the chorioaliantoic membrane through pin
holes in the shell. This procedure was repeated
in the next two successive days, the dosage being
increased on the last injection to 10 mg of BAPN.
The animals were sacrificed 48 hours later. En-
treated chicks of the same age were used as con-
trols. The metatarsal bones, dissected free of
cartilage, were used to confirm the presence of
lathyrism, by measuring the solubility of the
normally insoluble bone collagent (2).
The entire epidermis from the beaks and leg
scales of the animals was carefully dissected free
of dermal tissue, quickly washed with distilled
water, and lyophilized. At this stage of develop-
ment the epidermal tissue shows both multilayered
malpighian and cornified cells, while the x-ray
diffraction pattern is of the feather type. The
tissues were ground in a Wiley mill with solid
CO2 and liquid nitrogen and dried in a desiccator.
Weighed aliquots were first extracted in 1 M
NaCl, pH 7.4 at 2° for 48 hours, followed by ex-
traction in 3% acetic acid at 2° for 48 hours. The
insoluble residues were next extracted in 6 M
urea in 0.1 M Tris buffer, pH 8.5 for 48 hours at
20° C and then in 6 M urea in 0.1 M Tris buffer,
pH 8.5, with 0.1 M NaHSO, for 48 hours at 20° C.
In addition the scales were further extracted twice
with 6 M guanidine in 0.1 M Tris buffer, pH 8.5,
containing 0.1 M mercaptoethanol for 48 hours at
20° C. The extracts were dialyzed free of salt
against water and lyophilized. The amount of
material isolated was computed from the dry
weight of the extracts and the insoluble residues
and the original starting weight of the tissue.
RESULTS AND DISCUSSION
In addition to the gross appearance of the
animals and the mechanical weakness of the
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TABLE I
The extraction of keratins from the scales of normal and lath yritic chicks
Sam lep
Material isolated expressed as per cent of original tissue
Per cent insoluble
Guanidine & residue
H t4 3% acetic acid Urea Urea & NaHSOs mercapto-p . ethanol
Normal
Lathyritic
4.0 .3
4.5 .6
6.0 .5
6.5 .4
17.7 1.3
19.0 1.6
24.3 2.0
20.1 1.9
7.1 .6
11.3 .4
39.5 4.0
37.8 3.9
TABLE II
The extraction of keratins from the beaks of normal and lathyritic chicks
Material isolated expressed as per cent of original tissue
Sample Per cent insoluble residue
IM NaCI pH 7.4 3% Acetic acid Urea Urea & NaHSOa
Normal
Lathyritic
3.0 .2 4.5 .4 8.3 1.0 60.4 5.5 18.0 1.9
2.0 .1 4.0 .3 8.0 .8 55.0 4.2 20.0 2.0
connective tissues, the presence of severe
lathyrism in the animals receiving BAPN was
confirmed by the finding that roughly 80% of
the normally insoluble bone collagen could be
extracted in cold 1 M NaCl and in dilute
acetic acid. Despite the induction of lathyrism
during a period when intensive synthesis of
keratin is going on, no difference in the solu-
bility of either scale or beak keratin could
be observed between control and treated ani-
mals (Tables I and II). The results given are an
average of two different groups of animals and
the average error is shown.
The insoluble residue, which consists of cell
wall and membrane, amounts to about 5 per
cent of the tissue when the extraction is carried
out at higher temperatures and pH. The larger
values observed in these experiments indicate
that there was incomplete solubilization of
the fibrous proteins in both normal and la-
thyritic animals. This was confirmed by the
finding of typical feather-type keratin x-ray
diffraction patterns from fragments of the
residues. If the induction of lathyrism were to
have its effect on the non-disulfide crosslink-
ages, one might have expected to see greater
solubility of keratins from the treated animals
with the conditions for reduction used in these
experiments.
The tissue used in this study was a feather-
type keratin which differs considerably from
epidermis with an a-fibrous protein. Unfortu-
nately, the latter is rather poorly developed in
birds and we were unable to obtain enough ma-
terial to study. It cannot be concluded, there-
fore, that these observations apply to all types
of keratins. These results only indicate that the
solubility of scale and beak epidermis unlike
collagen and elastin is unaffected by the induc-
tion of lathyrism. This suggests that the nature
of the non-disulfide crosslinkages in these two
classes of fibrous proteins may be different.
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